• Global demand for protein is predicted to increase by 50% by 2050. To meet the increasing demand 14 whilst ensuring sustainability, protein sources that generate low-greenhouse gas emissions are required 15 and protein-rich legume seeds have the potential to make a significant contribution. Legumes like 16 common vetch (Vicia sativa) that grow in marginal cropping zones and are drought tolerant and 17 resilient to changeable annual weather patterns, will be in high demand as the climate changes. In 18 common vetch, the inability to eliminate the γ-glutamyl-β-cyano-alanine (GBCA) toxin present in the 19 seed has hindered its utility as a human and animal food for many decades, leaving this highly resilient 20 species an "orphan" legume. However, the availability of the vetch genome and transcriptome data 21 together with the application of CRISPR-Cas genome editing technologies lay the foundations to 22 eliminate the GBCA toxin constraint. In the near future, we anticipate that a zero-toxin vetch variety 23 will become a significant contributor to global protein demand. 24
Introduction 25
Global demand for protein is predicted to increase by a staggering 50% by 2050 (Westhoek et al., 2011; 26 Henchion et al., 2017) . With an increasing global population and increasing demand for animal-derived 27 protein, the sustainability of agriculture systems has been brought into question. Over the last two 28 centuries, the expanding livestock industry has led to significant deforestation and overgrazing of 29 natural grassland environments such that it has caused decreased terrestrial biodiversity and increased 30 greenhouse gas emissions and contributed to climate change and global warming (Henchion et al., 31 2017) . In order to meet the increasing protein demand and protect our environment, more sustainable 32 protein food sources are required. Cheap plant-based protein, such as legume seeds, represent an 33 environmentally sustainable option that is well suited for developing countries with rapidly growing 34 populations (Asgar et al., 2010) . Moreover, to cope with increasingly unpredictable climate change 35 and expansion of marginal cropping areas, breeding strategies for more drought tolerant and resilient 36 This is a provisional file, not the final typeset article crops will be vital (Sivakumar et al., 2005; Lobell and Gourdji, 2012) . A legume that could be exploited 37 for this scenario is the common vetch (V. sativa). For many decades, the inability to remove the γ-glutamyl-β-cyano-alanine (GBCA) seed toxin has 45 hindered common vetch's use in agriculture (Pfeffer and Ressler, 1967; Roy et al., 1996) , leaving this 46 resilient plant as an "orphan" legume. We envisage that the development of a zero-toxin vetch variety 47 would facilitate its use for animal feed, specifically chickens and pigs, and human consumption 48 (Ressler et al., 1997; Collins et al., 2002) . As the production costs of common vetch are approximately 49 50% less than competing legumes such as lentils (unpublished data), we predict that zero-toxin 50 varieties would rapidly surpass lentil in pig and poultry production. Zero-toxin common vetch will 51 immediately generate new domestic markets, such as feed for the poultry industry, but it will also open 52 new export markets for Australia and other countries thereby increasing export revenue and increasing 53 farm profitability and indirectly increase investment for their local communities. 54
Common Vetch: a versatile pasture crop that provides multiple benefits for the farm 55
Common vetch which is shown in Figure 1 common vetch biomass can also be used for forage, fodder, pasture, silage or hay and the seed may 69 safely be used as a protein-rich feed component for ruminant animals (Enneking, 1995) . Common 70 vetch is well suited as a pasture species as it forms many adventitious shoots that are either buried or 71 close to the soil surface thus giving it the ability to be resilient to heavy grazing (Rathjen, 1997) . 72
Despite common vetch's versatile uses, the production of vetch is still limited. Data collected by the 73
Food and Agriculture Organisation (FAO) in 2017 showed that, globally, the area harvested and the 74 production of vetch were about 0.6 million ha and 0.9 million tonnes, respectively. Vetch occupied 75 about 0.3% of land usage and accounted for only 0.2% of the production of major legume group. This 76 is 12 times less than the area harvested and 8 times less than the production of lentils ( Figure 2 ). 77
Common vetch's limited production is mainly attributed to the anti-nutritional compounds existing in 78 the seeds which will be further discussed in the next section. 79
Common Vetch seeds: important nutritional attributes 80
Common vetch seed appeared in the diets of hunter-gatherers as early as 12,000 -9,000 BP as evident 81
in archaeobotanical analysis of samples from the Santa Maira cave in Alicante, Spain (Aura et al.,  82 2005; Mikić, 2016). Today, common vetch is globally distributed and its spread is thought to have 83 occurred through the inadvertent selection and trading of vetch seeds as a weedy contaminant with 84 other legume seeds (Erskine et al., 1994) . This has led to the suggestion that selection of common vetch 85 amongst other palatable legumes, such as lentils, lead to vegetative and seed mimicry of vetch to lentils 86 (Erskine et al., 1994) . Due to the similarity in the seeds between vetch and lentil, there was a period of 87 time when the vetch variety "blanche fleur" was inappropriately promoted as an inexpensive alternative 88 to lentils. However, Tate and Enneking (1992) raised the issue of vetch toxicity and indicated that vetch 89 seeds were unsuitable to be eaten by monogastric animals, including humans. Since then, vetch has 90 been restricted to use in pastures as the seeds can be safely eaten by ruminants and some monogastric 91 animals, such as chicken (less than 40%) and pig (less than 20%) in low amounts (Rathjen, 1997) . 92
Compared with other legumes, common vetch exhibits high concentrations of crude protein between 93 24 to 32% (Francis et al., 2000) and carbohydrates and fiber are comparable to that of lupin (Valentine 94 and Bartsch, 1996) . Common vetch seeds contain eighteen amino acids and the ratio of essential amino 95 acids/non-essential amino acids is about 0.7 (Mao et al., 2015) which is significantly higher than the 96 0.38 recommended by WHO (Who, 2007) . The principle essential amino acids are arginine and leucine 97 at average concentrations of 2.4% and 2.1%, respectively. Glutamic and aspartic acids are the 98 predominant non-essential amino acids within common vetch, averaging levels of 5.5% and 3.7%, 99
respectively (Mao et al., 2015) . The species also contains a much lower proportion of lipids (only 1.5 100 -2.7%) compared with soybean and this is primarily composed of unsaturated fatty acids (Mao et al., 101 2015). Presently, common vetches are mainly used as animal feed for ruminants and it can be argued 102 that higher value returns could be observed through the repurposing of common vetch as a human food 103
crop. Obstructing the development of the higher value product is a range of anti-nutritional factors, the 104 most significant of which are the dipeptide γ-glutamyl-β-cyanoalanine (GBCA) and the free amino 105 acid β-cyano-L-alanine (BCA), that exist in relatively high concentrations in the seed at approximately 106 2.6% and 0.9%, respectively (Tate et al., 1999) . Such compounds are toxic to monogastric species, 107 such as chickens or pigs, but have no obvious effect upon ruminant species, including beef cattle 108 (Valentine and Bartsch, 1996) . In addition, vicine, convicine, and other anti-nutritional factors typical 109 of leguminous crops, including tannins, trypsin inhibitors and polyphenols are also present. To fully 110 utilize the nutrition of common vetch, these also require reduction after the elimination of GBCA and 111
BCA. Currently, the proportion of common vetch seed within feed that can be safely consumed without 112 deleterious effects is 10% for piglets and 20% for adult pigs. For chickens it is higher at about 40% 113 (Harper and Arscott, 1962; Rathjen, 1997) . 114
Limitation of GBCA detoxification using conventional methods 115
Without the toxic compounds in the seeds, vetch would be highly nutritious. Therefore, a number of 116 methods have been investigated to remove the toxin. Post-harvest processing efforts to lower the 117 GBCA toxin levels within the seed have previously involved simple soaking, continuous flow through 118 soaking and boiling methods (Rathjen, 1997) . The seed soaking method alone was insufficient to lower 119 GBCA levels as consumption of soaked seed during feeding trials by chickens reduced egg production, 120 daily food consumption and feed conversion ratios were also diminished (Farran et al., 1995) . In 121 contrast, boiling the seed produced lower toxin levels such that it could be included in chicken feed at 122 levels of up to 25% without negative effects on growth rates (Kaya et al., 2013) . However, consumption 123 This is a provisional file, not the final typeset article of boiled vetch seed that had the broth periodically discarded during boiling resulted in 20% reduced 124 growth rates in chickens when compared with conventional feed with similar protein amounts (Ressler 125 et al., 1997) . This boiling method combined with periodically discarded water had 45% decreased seed 126 mass as water soluble vitamins, like vitamin B, water soluble proteins and carbohydrates were leached 127 during processing (Ressler et al., 1997) and this correlated with the reduced chick growth rate. 128
Autoclaving the seed as a processing method has also been investigated and assessed in feeding trials 129
of laying hens and dairy cows. In the dairy cow, it was found that the seed autoclaved at 120°C for 30 130 minutes resulted in removal of all the thermally sensitive toxins, whilst most of the nutritional content 131 was retained (Aguilera et al., 1992) . In the laying hen trial, overall growth rate was found not 132 significantly different between animals fed with autoclaved or raw vetch seed suggesting that the non-133
heat labile toxins like GBCA were still bioactive (Farran et al., 1995) . The lack of success of these seed 134 processing methods in improving animal growth or health has strongly indicated the need for genetic 135 approaches to detoxify the common vetch seeds. 136
Unsuccessful searches for zero-toxin vetch accessions 137
Using conventional breeding methods and more recently the use of molecular marker-assisted breeding 138
for genomic selection, plant breeders have prioritized the search for common vetch varieties that have 139 biotic and abiotic stress resistant traits as well as selecting for increasing yield and seed nutritional 140 quality (Francis et al., 2000) . However, no concerted effort has been made to select for low or zero 141
GBCA toxin levels in Australian or overseas breeding programs. This has resulted in varieties that are the GBCA levels in the Lov 9 seed from plants grown in shade houses or field conditions ranged from 151 0.4 -1.2%, respectively (Tate and Searle, unpublished). These GBCA levels in Lov 9 seed were deemed 152 too high for commercial release of the variety as a low toxin variety. Another strategy to develop a 153 zero GBCA toxin common vetch variety was interspecies crosses of zero toxin species V. villosa and 154
V. pannonica to common vetch but these resulted in embryo abortion and no viable hybrids were 155 recovered (Searle, unpublished). Considering the limited success to date, other pathways to produce a 156 zero-toxin common vetch variety are required. 157
Application of biotechnology to produce zero-toxin vetch 158
Applications of biotechnology have promised to accelerate crop improvement ( were initiated at the University of Adelaide, Australia, opening the opportunity to determine the genetic 166 basis of the vetch toxin accumulation. Now we have the tools to identify the genes involved in toxin 167 production and it is possible to examine their functions by overexpressing and mutating candidate 168 genes. Application of CRISPR-Cas (clustered regularly interspaced short palindromic repeats -Cas 169 protein) genome editing to modify agronomically important traits in crops such as wheat, barley, rice 170 and tomato will soon be applied to more challenging species including the common 171 vetch. Using CRISPR-Cas genome editing, the nutritional profiles of many crops have been recently 172 demonstrated. For example, in tomato, knocking down genes in the carotenoid metabolic pathway led 173 to a 5-fold increase in lycopene (Li et al., 2018) ; and in rice, generating mutations in the starch 174 branching enzyme (Berrens et al. 2017 ) genes increased amylose content by up to 25% and resistant 175 starch to 9.8% (Sun et al., 2017) . One of the most significant impacts of CRISPR-Cas genome editing 176 is the potential improvement of a key trait in a commercially released cultivar within 6 months. In 177 contrast conventional breeding of the trait may take 5 -7 years to release the new cultivar. Importantly, 178
it only takes one generation to obtain an edited plant using genome editing. 
